Introduction
The aim of the present investigation was to study a number of collections within Hygrocybe subsect. Squamulosae from mainly (sub)arctic and montane sites. The field studies motivated us to make a closer study of Hygrocybe biminiata Kühner and H. substrangulata (P.D. Orton) P.D. Orton & Watling (s.l.) and their relations. H. biminiata has been regarded as a doubtful species by Boertmann (2010) , but we are convinced that it deserves taxonomic recognition, in accordance with Kühner (1976) and Borgen & Arnolds (2004) . A lot of effort was allocated to the study of the highly variable H. substrangulata including the study of additional material, and the use of molecular methods. This article is part of the proceedings of the 9 th International Symposium of Arctic and Alpine Mycology (ISAM) held at Kevo Subarctic Research Station in Inari Lapland, Finland, 26.08. -01.09.2012 .
Material and methods
In this article we follow Boertmann (2010) The studied collections are deposited in the following herbaria: Copenhagen (C), Krakow (KRAM), Oulu (OULU), Oslo (O), Trondheim (TRH), Tromsø (TROM) and Turku (TUR) and some collections are stored in the private herbarium of T. Borgen (TB), but they will be transferred later to C. The collection quality varies. When they are well dried, ample, and supplied with photos and/ or field notes they are representative. Those collections, on which the descriptions are based, are cited with their herbarium numbers, those that are further discussed in the text are indicated with an asterisk in the list of specimens studied. Many of the remaining collections were also closely studied, while others were just checked microscopically to secure identification. In all 80 collections were studied. Approximately 20 of these could not be identified or belonged to other sections. Most emphasis has been given to the material from arctic Canada, Inari Lapland and Finnmark, because a lot of material from there was seen and studied in a fresh state. A few earlier published, but now re-identified collections are mentioned under each species.
A small number of photos of H. biminiata and H. substrangulata (including a deviating form, and var. rhodophylla) was available for further documentation . Drawings of terminal elements of pileipellis and stipe "hairs" are given based on microphotos of these species, and H. rubrolamellata. Drawings of the stipititrama of H. biminiata and H. cantharellus (Schwein.:Fr.) Murrill are included for comparison. Drawings of spores are included for all species (Figs. 5a-i).
When studying the material from the subsection Squamulosae our pre-assumption was that the following macroand microscopic features would be especially important, partly based on Borgen & Arnolds (2004) : presence/absence of dark pileal scales, stipe length/pileus width in mature specimens, gill attachment, colours of pileus and lamellae. The last two features were considered important especially concerning H. biminiata, H. substrangulata s.l.
(incl. var. rhodophylla) and H. rubrolamellata T. Borgen & Arnolds. These features were also estimated from dried material (seemingly useful in some cases but not stated very explicitly in Borgen & Arnolds (2004) . Fresh material of H. biminiata, H. substrangulata, including var. rhodophylla (during ISAM 9) and H. miniata (Fr.: Fr.) P. Kumm. (Danish, checked material) were examined for eventual differences in stipe-covering using stereoscopic microscopes.
Average sizes of the terminal elements (especially length) of the scales in the pileipellis, in optimal sections were measured from one or two scales. It was also noted if the terminal elements were strikingly constricted in the midportion and at septa, and if narrow elements were present, or not. During ISAM 9 all fresh collections were quickly tested for eventual colour reactions on the pileus with 10 % KOH (a recommendation from P.-A. Moreau used by him in an unpublished study from the French Jura). The average width of the terminal elements in the stipitipellis was studied from those occurring in groups, bundles or fascicles. A few "free" hyphae were also included when these were more or less perpendicular to the orientation of the stipitipellis hyphae (cf. Borgen & Arnolds 2004 for a closer characterization). Only stipe "hairs" with a basal septum were studied. Those lacking a septum ("proliferations") were noted when present, but not treated systematically.
In Borgen & Arnolds (2004) Borgen & Arnolds (2004) , it seemed that the miniata-group had stipe hairs, while these were absent in the turunda-group. Spore measurements were measured using accumulations on the stipe apex or from pileus surfaces. The average spore size, and (almost) absence (<20%) or frequent presence of constriction (>20%), as well as shape, were also judged to have some importance (cf. Table 2 ). All averages are based on at least ten measurements per collection, unless stated otherwise.
Techniques: revival of bits of deficient, weathered and old herbarium material, soaked in 8% aqueous ammonia (with or without Congo-red) or 3% KOH, succeeded well if kept from ~ 0.5 hour up to 1-2 days. This was especially important when studying the terminal elements of the pileipellis and the stipe hairs. Otherwise the material was treated like in Borgen & Arnolds (2004) . In that article, the number of nuclei in the spores was established in some cases; however, we have not attempted this here, as the results would not seem to be relevant for the separation of H. biminiata and H. substrangulata s.l. Microscopic investigation was made using an Olympus CH2 microscope, and drawings are based on photos obtained by replacing an eyepiece with a tube-extention connected to a Coolpix 4500 camera. Spores were photographed at × 1000 using the immersion lens (N.a. 1.30); other structures were photographed at × 400, or × 600. The numbers of entire (L) and short (l) lamellae are occasionally indicated. Colours are coded using Kornerup & Wanscher (1978) , unless stated otherwise. 
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Hygrocybe miniata (Fr.: Fr.) P. Kumm.
- Fig. 5a , Table 2 Spores on average 8. Table 2 According to the original notes the pileus was less than 10 mm, scarlet and the stipe scarlet in the upper part (the remaining part of the infor- Hygrocybe rubrolamellata has so far been recorded only from subarctic S. Greenland (Borgen & Arnolds 2004) . The dried material consists of four very dark, partly ripe specimens in a fairly good state. The spores are slightly larger than in the diagnosis of H. rubrolamellata (average 9.1 × 5.3 µm, versus 7.2-8.4 × 4.2-5.1 µm), while the terminal elements of the pileipellis are largely of the same size (42.8 × 6.6 µm versus 39-40 × 6.5-8.5 µm). The dry material is very similar to the holotype. The spore size was thought to be different enough from H. biminiata (cf. Borgen & Arnolds 2004, fig. 19 ) to constitute an additional character, but this is not the case. However, the colours are very different, also in dry material. The collection was filed as H. miniata. Table 2 Spores (12/1) on average 9.1 × 6.0 µm, (subglobose) ovoid to ellipsoid, not constricted. Q m =1.50. Basidia 4-spored, cystidia not observed, hymenophoral trama subradial, elements short, cylindrical to inflated; pileipellis terminal elements (10/1) on average 63.7 × 9.5 µm. Stipitipellis a dry cutis, stipe hairs single or in groups (10/1), on average 49.5 × 5.6 µm; proliferations present. Stipititrama subregular, elements (10/1) on average 81.8 × 10.6 µm, predominantly subcylindrical, occasionally attenuated, clamp connections present. Habitat: Above forest limit in grass field on calcareous soil.
The material consists of four or five, partly fragmented specimens in a mediocre state; no field notes were present. The spores are slightly larger than in the the diagnosis. However, similar measurements were given by Borgen & Senn-Irlet (1995) . The presence of stipe hairs is discussed further below. The material is in a bad state and somewhat broken but still identifiable.
Hygrocybe biminiata k, o, r, 6a, b,  Tables 1, 3 Misapplied names:
Hygrophorus marchii ss. Kallio & Kankainen, in part (1964, 194) ?Hygrophorus miniatus var. sphagnophilus Peck ss. Lange & Skifte (1967: 15 Hygrocybe biminiata is well known from S. Norway (Finse area) (Kühner 1976 , Borgen & Arnolds 2004 , Gulden 2005 . However, it has not been recorded before from N. Norway, Finland, Arctic Canada nor from Arctic Russia, although its circumpolar occurrence could be expected. Judging from the data in Laursen et al. (1987: 276, description and fig. 5, as H. coccineocrenata) H. biminiata might well occur in Arctic Alaska.
The description is based on three well documented collections, which are very well in accordance with Kühner´s diagnose and holotype collection Borgen & Arnolds (2004: 53) , this has escaped the attention of Boertmann (2010) and Knudsen & Vesterholt (2010) .
Two collections (KRAM F-49441 and TB 12.042) with slender basidiocarps and arcuatedecurrent, initially almost white gills were reminiscent of pale-scaled collections of H. coccineocrenata or H. cantharellus, but had to be placed in H. substrangulata s.l. These deviations fall nicely into the variation described and figured in Borgen & Arnolds (2004, figs. 3, 21, Tables 1, 3 Pileus up to 14 mm wide, convex, orange about 7.5A7, turning paler with 10% KOH, distinctly squamulose, these are darker towards centre, giving a general slightly darker impression. Lamellae (arcuate-) decurrent, or at most subdecurrent, fairly close (L=25, l=1-3), rather broad, yellowish white near the edge, inwards ~ 5A3 transitional to 3A4, in age slightly reddish. Stipe up to 32 × 3.5 mm, subcylindric or subinflated at base, dry, dull to slightly lustrous, distinctly rugulose under a stereoscopic microscope, in apex ~ 8A7-6, or to ~ 7A5 when young. Context subconcolorous, inodorous, taste mild. Spores (20/2) on average 11.4-11.7 × 6.1-6.4 µm, Q m =1.88, predominantly oblong, occasionally ellipsoid, in side view 20%, in frontal view < 10-15 % constricted. Basidia 4-spored (10/1), Q =(4.3-)4.7-6.1(-6.9), (sub)clavate; edge fertile, cystidia not seen. Hymenophoral trama subregular, consisting of short, predominantly subcylindric elements. Pileipellis a trichoderm, elements (25/2) on average 66.7-68.7 × 11.7-12.3 µm, subcylindrical, subfusiform to subattenuated, with intracellular, very pale grey-brown pigment. Stipe hairs in groups, elements irregular and tortuous, on average 56.2-79.7 × 6.9-7.9 µm, proliferations also observed; stipititrama subregular, elements predominantly subcylindrical, on average 86.0 × 10.3 µm (12/1). Clamp connections present.
Habitat: At Nuvvus four specimens were found growing at rivulet on wet soil in mosses with Vaccinium uliginosum, V. vitis-idaea, Eriophorum scheuchzeri and Carex bigelowii. The Norwegian specimens grew in Sphagnum. Tables 1, 3 Pileus 9-20 mm, (plano-)convex, slightly depressed at centre, initially incurved, in younger specimen near 8A7, varying to "blackish red Lange (1923) N5" (Skifte, unpubl.), then darker, red, near 9A7 / 9B7 to 9B8, frequently slightly darker at centre and partly with darker scales; marginal zone eventually somewhat striate. Pileus surface possibly slightly darker with 10% KOH, but very quickly slightly fading). Lamellae subdecurrent, subdistant (L=15-16, l=0-2), fairly thin, pale yellow soon more or less reddish, e.g. 5A5, in places 8A6, to somewhat orangered. Stipe 18-25 × 2-3 mm, more or less roughened as seen with a stereoscopic microscope, typically reddish above with paler, yellowish base. Context inodorous, taste indistinct. Spores on average 9.9-11.5 × 5.1-6.7 µm, Q m =1.65-1.92, ellipsoid to oblong, occasionally obovoid, in side view not or rarely constricted (0-10%), in frontal view 5-15% constricted. Edge fertile, cystidia not seen. Basidia 4-spored, (10/1): Q =(4.1-)4.3-6.5(-6.8), subcylindric to subclavate. Hymenophoral trama subregular, consisting of short, subcylindric elements. Pileipellis a trichoderm, terminal elements, on average 51.8-73.8 × 8.8-16.9 µm, mainly subcylindric to subinflated, pigment intracellular, pale grey-brown, no narrow elements observed. Stipe hairs on average 47-54.5 × 6.3-7.0 µm. Stipititrama subregular, made up of short elements, on average 77.9-84.4 × 11.6 µm. Clamp connections present.
Specimens studied: CANADA. N.W.T. District of Keewatin, Baker Lake, low arctic tundra, 16.VIII. 1974 Ohenoja 97 & M. Ohenoja Hygrocybe substrangulata var. rhodophylla was known only from the Alps (Kühner 1976) and Greenland (Boertmann 1995; Borgen & Arnolds 2004) . In this paper we record it from Arctic Canada, an oroarctic site in Finland and boreal, subalpine and subarctic sites in Norway. There are elements in the description of the lamellae which indicate that a collection from Arctic Alaska (Laursen & Ammirati & Farr 3116, sub nom. H. aff. coccineocrenata, cf. Laursen et al. 1987: 280-281 ) might belong here. However, the description of the microscopic features is inconclusive. The concept of this variety is in accordance with Kühner (1976) and Boertmann (1995) , but only in part with Borgen & Arnolds (2004, see below) . Concerning the relations between H. substrangulata var. rhodophylla and var. substrangulata, see p. 18. The collections, on which the diagnosis is based, were filed correctly or as H. miniata. Although some of the field notes are deficient concerning the colour of the lamellae, we think it is justified to include them, as the documentation, including colours of well dried material, is very similar to fully documented, safely identified Greenland material.
In the study by Borgen & Arnolds (2004) the presence and average width of stipe "hairs" were used as an important and easily observable tool to distinguish dried material of H. substrangulata (including var. rhodophylla) from H. biminiata (Tables 1, 3 ). The stipe covering showed some variation under a stereoscopic microscope, but no consistent difference between H. biminiata and H. substrangulatas.l. (including var. substrangulata forma and var. rhodophylla) was observed. The differences are thus only microscopical. The single collection of Hygrocybe calciphila also turned out to have "stipe hairs". This was unexpected, because they were not found in a handful of collections from The Netherlands, England and Denmark (Borgen, unpublished) . However, Arnolds (1986: 57) mentioned the scattered presence of "erect hyphal tips" (here interpreted as hairs rather than proliferations).
According to Borgen & Arnolds (2004, fig.  3 ) the types of Hygrocybe substrangulata and H. coccineocrenata f. ambigua Kühner have large terminal elements in pileipellis, while Hygrophorus miniatus var. sphagnophilus Peck has somewhat smaller elements. As there are no collections sharing the typical ecology with the first one (moist sand dunes) its variation is not discussed here, but see Boertmann (1995 Boertmann ( , 2010 and Borgen & Arnolds (2004) . In the present material there are collections that match the types of the two others, in size and shape. The type of Hygrocybe rhodophylla Kühner has also large terminal elements (cf. Borgen & Arnolds 2004) . However, there was a large variation in the Greenland material and the same holds true for the material studied here.
Using a KOH spot test on the pileus, the pilei turned in general slightly darker but faded immediately afterwards. There was only little variation between the collections of H. biminiata, H. substrangulata var. substrangulata (including forma) and var. rhodophylla. A later test on fresh Danish material of H. miniata gave the same result, while the pileus did not fade in a fresh collection of H. turunda.The latter finding might indicate a difference to the other species, but should be tested on a larger material.
On taxon variability and delimitations
In the present subsection some species are more easily identified than others. The collections of Hygrocybe miniata, H. cantharellus, H. turunda and H. rubrolamellata could be identified fairly easily based on Borgen & Arnolds (2004) . The collection TROM F-31605 has marginally larger spores than described in the diagnosis of H. calciphila (cf. Arnolds 1986: 57) , on average 9.1 × 6.0 µm, Q m = 1.50, versus 6.6-8.6 × 5.0-6.1 µm, Q m = 1.25-1.45). Borgen & Senn-Irlet (1995: 99) give similar values in (low-)alpine Swiss material.
The complex around H. biminiata and H. substrangulata, incl. var. rhodophylla
In spite of the work by Borgen & Arnolds (2004) , in which a large number of collections within the H. substrangulata-complex were closely studied, identification has remained difficult in many cases due to unclear differences and different taxonomic concepts (cf. Boertmann 2010: 120, concerning the relations between H. biminiata and H. substrangulata). Based on later field studies in Greenland (2008) and a subsequent discussion with Boertmann (in litt.) Borgen became convinced that the concept of Hygrocybe substrangulata var. substrangulata was too narrow in that work, while the concept of var. rhodophylla was too broad. Against this background Borgen is now convinced that the macroscopic variation of var. rhodophylla, expressed in table 5, must be restricted to columns 2-4 and rows 2-3, while some of the remaining seem to be quite similar to what we consider here as "gracile, long-stiped" variants of H. substrangulata (probably including the "forma" -not yet checked). Although the types of H. substrangulata and Hygrophorus miniatus var. sphagnophilus are placed there as well, the description of the lamellae (cf. Orton 1960: 269-270 and Peck 1899: 857) , is quite different. In our opinion there are three different problems, treated below, to be dealt with.
The relations between H. biminiata and H. substrangulata var. substrangulata Borgen & Arnolds (2004) were convinced that H. biminiata and H. substrangulata were separate species due to narrower hairs and generally smaller terminal elements of pileipellis in the former than in the latter (Figs. 5k & 5l, Tables 1, 3) . Hygrocybe biminiata prefers drier habitats than the varieties of H. substrangulata, which have been found growing on wet mossy soil (with or without Sphagnum). Due to these more or less sharp-cut differences, discussed below, we think that H. biminiata deserves specific recognition, but this idea should be confirmed with molecular analyses. Borgen & Arnolds (2004) were also convinced about macroscopic differences, although difficult to put in words and not included in the identification key. During the stay at Kevo the clear, vivid, to golden yellow gills, were striking in H. biminiata, and in accordance with the diagnose (Kühner 1976) . The same holds true for the herbarium material, described as yellow, golden yellow to orange whenever annotated. The observed colour combinations in H. biminiata and H. substrangulata s.l., and the differences in habitus are given below, based on representative collections to elucidate more closely these observations (codes are explained in Table 1 ).
In Hygrocybe biminiata the following seven series (combinations) Finally, two collections are transitional concerning average size of the terminal elements of pileipellis. The annotated and photographed Canadian collection (Ohenoja 64 & M. Ohenoja) appears to be typical in all other respects. The deviating collection (Ekkerøy, 20.VIII.1998 Ohenoja) is in accordance with H. biminiata concerning its narrow stipe hairs (on average 4.4 µm wide), and the ecology ("turfy tundra heath"), but it deviates by having gracile, long-stiped basidiocarps, decurrent lamellae and very narrow spores (on average 10.9 × 5.5 µm) and we are not sure that it belongs here. Borgen & Arnolds (2004: 49) found only very few transitions, as well, in spite of studying a large material. For variation on average spore size, terminal elements of pileipellis and stipe hairs, see table 1.
The variation of Hygrocybe substrangulata s.l.
The macroscopic features (habitus, colours and gill attachment) are very variable within the studied material. The same holds true for the average spore size, the percentage of spore constriction as well as average size of the terminal elements of pileipellis (Table 1) . A closer survey on the variation of the present material is given below:
The four collections used in the description of Hygrocybe substrangulata var. For the time being we separate two collections (series (OoDL and OyDL) as H. substrangulata var. substrangulata forma, for morphologic reasons, as expressed by their series, and because their spores seem to differ from the "main" form, (see Table 1 ). Considering also the terminal elements of pileipellis they do not seem to be very similar to the types, cf. above (for details compare Table 1 with Borgen & Arnolds (2004 figures 3, 21, table 5 ). This idea should of course be tested on a larger material, including e.g. the many representative collections included in Borgen & Arnolds (2004) , and by molecular methods.
Observations on distributions
The records of H. coccineocrenata from Inari Lapland (Ohenoja 1996) are based on wrong identifications. Moreover, many earlier records under this name indicate that large confusion with variants of H. substrangulata. H. coccineocrenata is not known from Greenland (Borgen & Knudsen 2004) , in spite of being especially searched for. These findings indicate that the genuine H. coccineocrenata is rare, or possibly absent in the (sub)arctic regions. The small number of the records of H. turunda in N. Scandinavia seems astonishing, compared to its relatively frequency in S. Greenland, but the climate in Inari Lapland might be too continental for it. H. Holien (pers. comm.) sent a convincing photo and indicated that there are several records of it from the lowland valleys at Tromsø; this might well indicate that it is more frequent in boreal sites. The epithet Hygrocybe miniata was been used for several species, including H. rubrolamellata and H. calciphila. It is quite likely that studies of additional old records would change their frequencies.
Problematic identifications and use of names
When the manuscript of Borgen and Arnolds (2004) was prepared, some information was retained for an additional paper on studies of types and other important material (cf. p. 56); however, this paper was never published. A little of the planned content is relevant for the present paper and is outlined below.
Orton´s ( Kühner´s type Hygrocybe coccineocrenata f. ambigua was studied by Arnolds & Borgen after the printing of Flora Agaricina Neerlandica 2 (Arnolds 1990) . In that work (p. 97) H. coccineocrenata f. ambigua and H. coccineocrenata var. sphagnophila were synonymized, but erroneously thought to be identical with a variant of H. coccineocrenata with pale brownish scales, which was described. Later this was corrected by Arnolds (1995) , who published a study of Peck´s type, see also Borgen & Arnolds (2004) . When Borgen & Arnolds studied Kühner´s type they demonstrated the short stipititrama elements, but at that time they did not yet pay attention to the presence of stipe hairs. However, Moreau studied the type (pers. comm.) and found broad stipe hairs like Borgen & Arnolds (2004) did later in many other collections of H. substrangulata. This wrong synonymizing has been continued by Candusso (2002: 557) and Ludwig (2012: 325, 337) .
